The effect of Hypericum Perforatum on wound healing of oral mucosa in diabetic rats
Introduction
Wound healing is characterized by the unification of epithelial cells, endothelial cells, inflammatory cells, platelets and fibroblasts, and the fulfilment of their normal functions in a specific sequence and order. Many people in the world are known to suffer from chronic wounds. There are many systemic and local factors affecting wound healing. Diabetes mellitus is a chronic metabolic disease with negative effects on wound healing. Diabetes has the effect of reducing wound tension and hydroxyproline levels. Problems encountered during wound healing in diabetic patients include decreased cellular infiltration, granulation tissue, angiogenesis and the amount and formation of collagens, resulting in increased infectious complications. Even though the causes of these problems seen in diabetes cannot be fully explained, hyperglycemia is generally held responsible for this situation. High blood glucose levels have been shown to inhibit cell proliferation and collagen production. Moreover, conditions such as the reduction of growth factors and fibroblast proliferation, apoptosis increase in wound tissue cells, infections caused by the decrease in chemotaxis and phagocytosis, have shown to be adverse effects of hyperglycemia on wound healing as well (1) .
Plants have historically played an important role in the recovery of human health. Hypericum perforatum, a member of the Hypericaceae family, has been considered a valuable herbal medicine. This plant contains hyperforin, flavonoids and hypericin (2) . Olive oil extract of H. perforatum has long been used both topically and orally as a homemade remedy to treat cuts, burns, depression, haemorrhoids, diabetes and gastrointestinal ulcers (3). Damlar et al. (4) reported that H. perforatum improve bone healing in defects filled with bovine-derived xenograft. The studies showed that H. perforatum, increased collagen deposition, shortened the duration of inflammation and stopped the migration of fibroblasts during wound healing (5) .
The aim of this study to investigate the histopathological and biochemical effects of the topical application of H. perforatum on wound healing in the oral mucosa of experimentally induced diabetic rats. The null hypothesis tested in this study is that the topical application of H. perforatum does not have any histological and/or biochemical effect on the healing of surgical defects created in the palatal mucosa of diabetic rats.
Materials and methods

Animals
This study was conducted with conformity approval from the Animal Ethics Committee of Mustafa Kemal University (No: 2014017), regarding the ethical treatment of animals. 48 adult male Wistar albino rats were used, with an average age of 5 months and weight of 300-350 g. The experimental animals were given water ad libitum and standard rat chow, and they were kept in metal cages at room temperature, with a 12-hour light/dark cycle. Streptozotocin (STZ) was used to create experimentally induced diabetes. The dosage was calculated as 60 mg/kg, and a single dose of STZ was intraperitoneally injected into each rat. 72 hours after the STZ injection, blood glucose levels were determined from blood samples taken from the tail vein. The rats with blood glucose levels above 200 mg/dL were considered diabetic and those below this value were excluded from the study. Forty-eight rats were randomly divided into 2 groups of equal numbers as the study and control groups. H. perforatum oil was applied topically to rats in the study group two times daily, whereas the wound healing of rats in the control group was followed without any intervention. The animals were sacrificed on the 3 rd , 7 th and 10 th day with cervical dislocation.
Surgical procedure
Prior to wound formation, the rats were anesthetized by intramuscular injection of 30 mg/kg ketamine-HCL and 5 mg/ kg xylazine HCL. Next, 4-mm mucosal defects were created with round, stainless steel blades designed for punch biopsy in the palatal area of each rat ( Figure 1 ). Following bleeding control, the wounds were left for secondary healing. The first day of formation of the wounds was recorded as day zero.
Preparation of traditional Hypericum perforatum oil
Natural H. perforatum flowers were collected, from Çamlıyayla, Mersin, dried and pulverized, and 50 g of H. perforatum was placed in a transparent glass jar containing 500 mL of olive oil. This jar was kept in the sunshine for 4 weeks during summer for 12 hours a day (3) . It was observed that the red dye of the herb diffused into the olive oil. Gas chromatograph-mass spectrometer (GC-MS) and high-performance liquid chromatography (HPLC) (Shimadzu QP2010 Ultra, Kyoto, Japan) were used for analysis of the components of Hypericum perforatum oil extract. Results were compatible with previous studies (6, 7) . Naftodiantron (0.06-0.4%), phenylpropanes (<1%), flavonoids (2-4%), proanthocyanidins (2-4%), phloroglucinols (0.2-4%) and biflavons represent the main components of this plant. The essential oils were listed as palmitic acid (17.61%), cyclopentadecanone, 2-hydroxy-(66.75%), heneicosane (2.27%) and cyclopropaneoctanoic acid (2.53%).
Histopathological evaluation
From all groups, samples of full thickness mucosa were collected from palate wound formations on the 3 rd , 7 th and 10 th day, including robust tissue of 1 x 1 cm. The samples were fixed in 10% formalin solution for 48 hours and embedded in paraffin. The prepared slides were stained with hematoxylin-eosin and evaluated by light microscopy for monitoring inflammatory changes in the healing wounds and to examine the morphology. Histopathological analysis was performed at the Department of Pathology, Mustafa Kemal University by a single blinded examiner. Ulceration, necrosis and epithelialization variables were evaluated as present (1) and absent (0), whereas oedema, polymorphonuclear leukocytes (PNLs), mononuclear cells (MNLs), fibroblasts and vascularization were scored and evaluated as absent (0), low (1), moderate (2) 
Biochemical examination
The hydroxyproline determination on the palate samples from the 3 rd , 7 th and 10 th days was performed by partly modifying the method that was described by Woessner (8) . In this method, chloramine T is neutralized with perchloric acid prior to reaction with p-dimethylaminobenzaldehyde (Ehrlich's reagent). The tissue samples were mixed with 1 mL buffered chloramine T reagent and incubated for 20 min at room temperature. Then, 1 mL perchloric acid was added and the mixture was incubated for a further 5 minutes at room temperature before addition of 1 mL Ehrlich's reagent. The mixture was heated for 20 minutes at 60ºC, cooled, and then absorbance was determined at 550 nm. The hydroxyproline concentration (1 mg/mL in 1 mM HCl) was determined.
Statistical analysis
IBM Statistical Package for the Social Sciences Statistics for Windows, version 20.0 (IBM Corp.; Armonk, NY, USA) was used for statistical analysis of the data. Mean, standard deviation, median and frequency were used for descriptive statistics. The consistency of the variables with normal distribution assumptions were tested with the Shapiro-Wilks test. In a general comparison of measurements of the groups with normal distribution, Student's t-test was used. The Mann-Whitney U test was used to compare abnormally distributed variables. Evaluation of categorical variables was performed with the chi-square test. Confidence interval was set to 95% and p values less than 0.05 were considered as statistically significant.
Results
The results of the statistical analysis showed that on the 3 rd ( Figure 2 ) and 10 th days, no statistical difference between the two groups was found in any of the variables evaluated by histopathologic examination. On the 7 th day, necrosis, epithelialization, ulceration and PNL parameters showed statistically significant differences (p<0.05) ( Figure 3 ). It was found that the ulceration, necrosis and PNL values of these variables were higher in the control group, whereas the epithelialization value was found to be higher in the H. perforatum-administered group (Table 1) .
On the 3 rd day, no statistically significant difference between the two groups was found for the hydroxyproline level assessed by biochemical analysis (p>0.05). On the 7 th and 10 th days, the comparison between groups showed statistically significant differences (p<0.05). It was found that the amount of hydroxyproline was higher in the H. perforatum-administered group on the 7 th and 10 th days (Figure 4 ).
Discussion
H. perforatum, which is commonly used to accelerate the healing of burns and wounds, has been proven to have a positive effect on wound healing (5, 9, 10) . In the literature, no studies were found about H. perforatum regarding its effect on wound healing in the oral mucosa in the presence of diabetes mellitus. The biologically active compounds in the structure of this plant can be listed as naftodiantron, phloroglucinol, flavonoids, biflavons, phenylpropane and proanthocyanidins. These active compounds were examined separately but; our study has investigated the traditional use of H. perforatum rather than the separate effects of these substances.
H. perforatum accelerates the migration of fibroblasts, shortens the period of inflammation, increases the collagen deposition and induces better epithelialization (5, 11) . However, in diabetes mellitus, studies showing the effect on wound healing are limited. Yadollah-Damavandi et al. (12) reported the number of fibroblast cells increased in diabetic rats that were treated with H. perforatum compared to the control group. Farsak et al. (13) claimed H. perforatum and olive oil decreased the oxidative stress in the diabetic tissue permitting better healing. In our study, topical application of H. perforatum positively affected the wound healing in experimentally induced diabetic rats on the 7 th day. We determined a statistically significant decrease in the 7 th -day H. perforatum group compared to the control group regarding necrosis and ulceration variables.
Rao et al. (14) compared the effectiveness of H. perforatum and Calendula plants in a study conducted on albino rats. At the end of the study, the group treated with H. perforatum completed epithelialization in 15 days, whereas this duration was 16.5 days in the group treated with Calendula. Lavagna et al. (10) investigated the effect of the combined use of Calendula and H. perforatum oils (30:70 ratio) in a study conducted on 24 female patients who had given birth by caesarean section. They found a significant reduction in wound surface area compared to the control group. Suntar et al. (5) reported in an in vivo study on wound healing that H. perforatum had positive effects on epithelialization. In the present study, the results obtained on the 7 th day were statistically significant. Accordingly, the level of epithelialization in the topical H. perforatum-administered group was higher. Our results showed that the topical administration of H. perforatum increased epithelialization in experimentally induced diabetic rats.
Menegazzi et al. (15) reported that the methanol extract of H. perforatum has anti-inflammatory effects. Hammer et al. (16) have proven in vitro that flavonoids, such as hyperforin and pseudohypericin along with amentoflavone and quercetin, are active anti-inflammatory components of the plant. Hypericum species lead to faster and better wound healing through active antibacterial components, such as hyperforin and flavonoids (17) . Flavonoids are antioxidant compounds that are effective in prevention of cell damage and inhibition of lipid peroxidation. These compounds allow a reduction in cell damage and an increase in vitality of collagen fibrils (18) . It was found that aqueous suspensions of H. perforatum teas are antimicrobially effective against gram-positive bacteria, and especially against methicillin-resistant Staphylococcus aureus species (19) . In the present study, we evaluated the number of PNLs and MNLs to examine the anti-inflammatory effects of H. perforatum. Our findings also showed that H. perforatum shortened the duration of inflammation and anti-inflammatory effects. On the 7 th day, we detected lower levels of PNLs and MNLs in the H. perforatum-administered group. There was a statistically significant difference between the groups in terms of PNL levels. Therefore, we suggest that H. perforatum has anti-inflammatory effects on wounds in the presence of diabetes mellitus, as well as on normal wounds.
Delayed wound healing in diabetic organisms may be due to insufficient formation of new blood vessels. In previ-ous studies, hyperglycaemia occurring during diabetes has been shown to have adverse effects on the vascularisation (20) . However, a consensus has not been reached regarding the effects of H. perforatum. Castro et al. (9) reported that the 146 Altan et al. vascularisation was more frequent in their H. perforatum-administered group and it was observed that the formation of blood vessels was more extensive. Schempp et al. (21) reported that hyperforin, which is an active substances in H. perforatum, is an inhibitor of angiogenesis. Suntar et al. (5) observed in their study that H. perforatum had no effect on new blood vessel formation or proliferation of fibroblasts. They reported that the positive effect of H. perforatum on wound healing is caused by fibroblast migration and collagen deposition. We have found in our study that topical administration of H. perforatum has no effect on vascularisation.
Collagen synthesis, which is one of the most important events in wound healing, slows down and decreases in diabetic organisms (22) . Öztürk et al. (23) suggested that the positive effect of H. perforatum on wound healing is caused by fibroblastic activity and increased collagen synthesis, in an in vitro study on embryonic chicken fibroblasts. Castro et al. (9) administered H. perforatum and Arnica montana on skin wounds in a study conducted on Wistar rats. The results indicated that this administration had a positive effect on the formation of new tissue compared to the control group, and the number of formed blood vessels along with the percentage of mature collagen fibres was higher. In our study, the difference between hydroxyproline values among the 7 th -day and 10 th -day groups was statistically significant. However, the fibroblast level, which is one of the parameters of histopathological examination, did not support this conclusion. With respect to the number of fibroblasts, there was no significant difference between the groups on the 3 rd , 7 th and 10 th days. Biochemically, based on the fact that hydroxyproline determination is an objective method, we can say that topical H. perforatum administration mitigates the decrease seen in collagen synthesis for diabetic organisms, and affects wound healing positively with the occurring increase.
In diabetes mellitus, in which wound healing is adversely affected, the problems observed in wound healing can be listed as decreased cellular infiltration, angiogenesis, granulation tissue, collagen amount and organization, along with increased infectious complications (1) . Although the causes of this problem seen in diabetes cannot be fully explained, hyperglycaemia is generally held responsible. Arokiyaraj et al. (24) reported that the oral use of ethyl acetate extract of H. perforatum has anti-hyperglycaemic activity in rats, which were made diabetic with STZ. Husain et al. (25) reported in an animal study conducted on type 2 diabetes that a daily oral intake of 300 mg/kg of H. perforatum had the same effect as a daily intake of 10 mg/kg of glibenclamide, which is a potent hypoglycaemic agent. Can et al. (26) reported in their study, which investigated the effect of H. perforatum on blood glucose levels, that the plant has antidiabetic effects and this is caused by the flavonoids found in it. In a similar study, Kamalakkannan et al. (27) found that orally administered flavonoids had anti-hyperglycaemic and antioxidant effects on rats that were made diabetic with STZ. In terms of response to wound healing, it is observable that the topical and oral use of the same drug can give different results (28) . As we used topical administration in our study, in which we saw the positive effects of H. perforatum oil for wound healing on the oral mucosa of diabetic rats, we believe that further studies should be conducted to be able to conclude that the positive effect on wound healing as mentioned in the literature is a result of the anti-hyperglycaemic effect, which occurs systematically.
Conclusion
Within the limitations of this experimental study, it can be concluded that the topical application of H. perforatum demonstrated positive effects on the healing of surgical defects created in the palatal mucosa of diabetic rats at 7 th and 10 th days. Ethics Committee Approval: Ethics committee approval was received for this study from the Animal Ethics Committee of Mustafa Kemal University (No: 2014017).
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